In this contribution we present the Visible and near IR photoluminescence (PL) analysis of Er doped nanocrystalline silicon thin films produced by rf magnetron sputtering method. Efficient photoluminescence was observed in these structures in both visible and 1.54µm wavelength regions. We show the strong influence of the presence of nanocrystalline fraction in films on their luminescence efficiency at 1.54 µm that has been studied on the series of specially prepared samples with the different crystallinity, i.e. percentage and sizes of Si nanocrystals. The mechanism involved in the visible photoluminescence of highly a crystalline nc-Si:H consisting of about 7 nm silicon nanocrystals embedded in an amorphous matrix is discussed.
-2-luminescence properties of these samples investigated under low excitation conditions. Steady state photoluminescence (PL), time resolved spectroscopy and decay time measurements carried out in the temperature range between 14K and room temperature (RT) will be presented.
Experimental details
Erbium doped nanocrystalline silicon thin films were grown by r.f. reactive magnetron sputtering in an Ar/H 2 atmosphere on ordinary glass substrates under several different conditions (RF power, temperature, Er content and gas mixture composition) applying a procedure similar to that used for the preparation of undoped µc-Si:H films [3] . The target used was a c-Si of high purity (99.99%). The erbium was placed in a low erosion area on the silicon target, in order to keep the moderate rate of Er impurity. The substrate-target distance was fixed at 55 mm.
Applying this method samples with different structural parameters, i.e., different crystalline fraction and grain sizes can be produced. Parameters of some samples grown at specified conditions to obtain samples with different crystallinity are shown in Tables   1 and 2 . Details of chemical composition, structural characterisation, microstructure analysis and films anatomy of these samples were described elsewhere [4] . Photoluminescence (PL) measurements in the near IR range have been performed with a Brucker 66V Fourier-transform spectrometer, where 514.5 nm line of an Ar laser was used for the excitation. The signal was detected with a North-Coast EO-817 liquid nitrogen cooled germanium detector. In the visible, the samples were excited with 325 nm line of cw He-Cd laser with the excitation power density kept less than 0.6 W.cm -2 .
The PL signal was measured between 14K and RT using a closed cycle helium cryostat.
Time resolved spectra were performed with the pulsed Xe lamp (50 mW) as an excitation source and a boxcar system for detection (time range from hundred of s to seconds). The visible PL was dispersed by a Spex 1704 monochromator with the 1200 mm -1 grating and detected by a cooled Hamamatsu R928 photomultiplier. All spectra presented were corrected taking into account the spectral sensitivity of the detection system. [5] ).
Results and discussion

PL response of nc-Si:Er samples in near IR range
Near IR photoluminescence spectra measured at 77K in nc-Si:Er samples are shown in %, as estimated by RBS), PL intensity reduces by more than an order of magnitude with the increasing of crystalline fraction from 23% to 65% (and crystallite sizes from 5.5 to 7.9 nm, see the insert in Fig.2 ). For the sample with the lowest crystallinity (sample Er33 in Fig. 1 ), PL intensity exceeds that for highly crystalline samples (sample Er22)
by about two orders of magnitude, this is despite the lower Er content in highly crystalline film (see Table 2 ). Moreover, at room temperature the photoluminescence was practically undetectable in highly crystalline samples. As we have discussed earlier [8] , this luminescent behaviour of nc-Si:Er thin films can be described as a result of sensitizing effect of Er ions by Si nanocrystals of small sizes (< 3 nm) that is related with the enhancement of excitation probability for Er ions being activated by the recombination of excitons spatially confined in Si nanocrystals. Similar situation was observed also by M. Fujii et al. [9] , who has studied the correlation between Er-related PL intensity and the nc-Si grain sizes in Si-nc containing SiO 2 films doped with Er.
These authors have obtained strong, by about two orders of magnitude, increase of Er PL intensity with the lowering of Si-nc grain sizes from 3.8 to 2.7 nm. Starting with these sizes, the remarkable bandgap widening and strong increase of recombination rate for excitons confined in Si nanocrystals should be expected [10] . 
PL response of nc-Si:Er samples in the visible range
Strong visible PL has been observed in nc-Si:Er samples with the less pronounced quenching up to room temperature. Here we emphasize the studies carried out on a highly crystalline sample with the crystalliny of about 65% (sample Er22 in Table 1 and   2 ). respectively. The FWHMs for 1.7 eV and 2.36 eV emission bands in our experiment agree very well with those determined recently for the emission bands of isolated silicon quantum dots [11] . As one can see, PL intensity for all of the emission bands measured in our conditions decreases only by about 50% in the temperature range from 14K to RT.
The comparison between the 14 K steady state PL and time resolved luminescence spectra obtained with a time delay of 0.1ms and time window of 15 ms after the pulse excitation is presented in Figure 2b ). The observed data under low excitation pump put in evidence the slow character of the narrower 1.73 eV and 2.36 eV emission bands while the 2.64 eV and 2.1 eV emission bands decay faster than the time response of the set up used.
The photoluminescence transients (performed for the maxima of red -1.73 eV, and yellow -2.36 eV bands) measured as a function of the delay time after the lamp pulse, are presented in Figure 3 .
For both emission bands we observed the non-exponential decay of PL signal, which can be deconvoluted into two fast and slow exponential components. Here it should be mentioned that the time resolved spectroscopy performed with different delay times and time windows did not allow for any spectral resolution associated with these two decay components. Both time constants should strongly depend on the nanocrystal sizes, moreover the temperature, at which the fast transitions from the upper singlet state became allowed is also nanocrystal size determined [12, 13] . The time constants (i.e. the radiative rates) for excitonic transitions should decrease by more than an order of magnitude with the decreasing of nanocrystal sizes, this decrease for the faster decay times (accounting for transitions from the upper singlet states) must be more pronounced.
As it has been shown, the PL decays for 1.73 and 2.36 eV bands in our experiment can be also well fitted with two components in millisecond and microsecond ranges, however the faster ones are practically identical for both bands and appear already at low temperature. More plausible explanation for that is the relation of these fast (microsecond) decays with some non-radiatiative recombination processes occuring with the participation of defects in nanocrystals or on the nanocrystal grain boundaries.
This means that only the slow recombination components could be addressed to the
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transitions from the excited (triplet) to ground state excitonic transitions in Si nanocrystals, whereas the fast decay components identified describe the non-radiative processes. Indeed, accounting for that we can explain the absence of spectral changes in the time resolved PL spectra measured with different time delays and time windows and also explain the decrease of PL intensity observed with the increasing temperature in our experiment upon practically no changes in the time constants. One can show that the increase of temperature in our case leads to the variation of the ratio between the fast and slow decay components (I fast /I slow ) for the two visible PL bands (see Fig. 5a ), at that the contribution from the fast components increases in the whole transient range with temperature. It means that the contribution of nonradiative processes increases with the temperature. So, at 14K we have the ratio between fast and slow decay components (I fast /I slow ) 2 and 7 for 1.7 eV and 2.36 eV bands, respectively, but at room temperature this ratio changes to 10 and 12, respectively. The temperature dependence of steady state PL intensity and the extrapolation of PL intensity through these two slow and fast recombination components (I PL = I fast  fast +I slow  slow ;  decay times) are presented in 
Conclusion
In this contribution we have shown that efficient photoluminescence was observed in Er doped nc-Si:H thin films in both visible and 1.54µm wavelength regions.
The strong influence of Si nanocrystals sizes on the films luminescent properties at 1.54 µm has been observed, where the most intense Er photoluminescence obtained relates to the low crystalline films with the nanocrystal grain sizes less than 3 nm.
From the study of the temperature dependence of PL and time resolved PL of visible bands observed in a highly crystalline nc-Si:Er sample it is inferred that slow and longlived luminescence in nc-Si is present. Both decay rates are constant in a temperature range for which decrease in PL intensity could be observed. We have shown that the slow recombination components could be addressed to the transitions from the excited
Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com) (triplet) to ground state excitonic transitions in Si nanocrystals, whereas the fast decay components identified describe the non-radiative processes.
In order to establish a complete model for the recombination processes further experimental analysis must be realized, such as ODMR. 
